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INTRODUCTION 
.Anesthesia. is a surgical necessity. There are two main 
considerations in anesthesia., from a surgical viewpoint, first, 
the safety of the patient, and, second, the efficient application 
of the anesthetic a.gent to the operative :maneuvers. Hospital 
executives and surgeons have however, feared, e....."1.d richtfully so, 
the drama.tic and devastating effect of the explosion or fire 
caused by my accidental ignition of a combustible inhe.lation 
anesthetic. 
Accidents, avoidable or not, have constantly occurred with-
in the opera.ting rooms and the daily papers apparently enjoy 
publishing the serious consequences in any property damage and 
in loss of human life, by setting the headlines in large bold 
print. .An explosion of e.n ammonia system occurs in some large 
ice plant, due to some defect in the machinery; trains collide; 
automobiles by the thousands are in serious accidents each year, 
maiming end killing scores of citizens annually. In fact, we 
even hear the various experts calmly predict the number of lives 
that will be lost in the coming year for f!!!l.Y given area from one 
type of accident or other, and the entire public will accept the 
prediction with serene resignation. But, when a fatality occurs 
from the explosion of some type of e.nesthetic vapor in a hospital, 
the news is broadcast immediately,, a.nc~ printed throughout the 
country as a sensation. The more excitable individuals will 
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condemn the anesthetic, the hospital in genere.l end surgery in 
particular, without ever considering the circUlllstances or wishing 
to secure the facts of the accident. 
Casual, injudicious statements have occasionally given the 
erroneus irrpression that such incidents are extremely rare and may 
be practically ignored. The danger, however, is real e.nd great es 
fires and explosions occurring during administration of inflrurir.i.a.ble 
anesthetics are a constant menace. It nrust be so recognized by 
everyone who is connected with surgery or has anything to do with 
the handling of anesthetics. Although this hazard is not great in 
comparison with the other hazards of surgery, it is for the most 
part a preventable hazard. 
In considering the literature on this subject, it m.e.y be 
stated that the loss of life frore such accidents have not been ex-
ceedingly numerous, and the incidence of these may be further min-
imized if the physical and chemical properties of the anesthetic 
agents and their various mixtures are carefully considered and the 
means by which they may become accidentally ignited while being 
administered, are properly safeguarded. 
This problem, therefore, mainly amounts to this: What are 
the conditions during and a~er anesthesia which occasionally init-
iate fires and explosions, and how may these conditions be eliminat-
ed? It appears the.t many surg~ons and hos pi te_l personnel are living 
in a sense of false security because of all the various expedients 
which they have adapted and to which they attribute their freedom 
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from ace id en ts in surgery just as lone as they do not have any 
untoward effects. Many of these measures of protection cs11 be 
shown on the physical ground to be actually ineffective or to even 
increase the hazards of accidents. 
Proper safeguarding against the various haze,rds calls for 
a full understanding of the subject and the principles involved, 
and then for the ceaseless vigilance on the part of the surgical 
personnel. This knowledge nrust embrace the fundamentals because 
it is unlikely that any code of proceedure can be written to te.lce 
into account every conceivable dangerous combination of fa.ctors. 
It is my wish, in presenting this paper, to accumulate 
statistics which will illustrate the past experience of accidents, 
their source, and finally a comprehensive review of the possible 
safeguards which mo.y be effectively used to prevent further sad, 
demoraliz:ng accidents, to some extent, in the future. 
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GEJ:~ERA.L COJ:ISIDERATIONS 
In considering the subject of hazards of fire and explosions 
of combustible anesthetics, I will limit the discussion to those 
anesthetic agents which are inhalatory and the principle source of 
the majority of such accidents. This scope will, therefore, include 
ether, ethylene, nitrous oxide, ethyl chloride and cyclopropane. 
It has been established, and will be shown, that all the 
commonly used anesthetic gases, when mixed with e.ir, oxygen or 
nitrous oxide in proportions which are usually within the limits 
employed in induction or maintenance of surgical anesthesia, are 
explosible, and a cyclopropane - oxygen mixture shares this connnon 
risk. Contrary to popular opinion, an ethylene-oxygen gas mixture 
has apparently only the same relative danger, from the explosive 
point of viev•, as any other gas-oxygen mixture. None of these 
anesthetic agents, except acetylene, which is not considered in 
this paper, can explode without some source of oxygen; but any ge.s 
or vapor consisting chiefly of carbon and hydrogen, if ignited in 
the presence of air, oxygen or nitrous oxide, mE!.Y undergo the rapid 
fonn of combustion, evolution of heat and expensive force, constit-
uting explosion ( 24). 
Finch ( 18), states that three phases have been distinguished 
in the process of gaseous combustion, nemely: (a) A slow (non-self-
propellant) flame-propagation below the ignition ~oint, (b) a self-
propelle.nt flame-propagati c.n, and sometimes, also ( c) a short pre-
f le.me period during which combustion is self-propellant. The point 
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at which the process becomes self-propellant is sometimes called 
ignitLn point. It is necessery to have energy in some form or 
other impe~ted to a given combustible system, before the combustion 
can be determined in it. Whether or not ignition cE1!1 be brought 
about by nn electric spe.rk of given characteristics, depends upon 
the properties of the gaseous system, in particular its composi-
tion and pressure, e.nd of these the composition a.lone is of primary 
interest, bece.use explosive anesthetic mixtures are not norme.lly 
formed except at atmospheric _pressures. 
It is necessary to understand clearly what is meant by upper 
or lower limits of the explosible mixture. According to Morgan (32), 
mixtures lying outside the limits a.re those in which any flame will 
not spread indefinitely. Such mixtures are capable of' being ignited 
but the flru:i.e resulting from ignition will sooner or later become 
extinguished, and will not travel indefinitely through s.ny consid-
erable volume of the mixture. Finch (18), however, states that 
when the gaseous mixture lies outside the so-called "explosion limit", 
flame propagation and ignition is no longer possible. These, the 
upper and lower limits of explosion, vary widely according to the 
nature of the combustible and the supporting atmosphere. The extent 
of the explosion limit range, in conjunction with the volatility of 
the combustible, may be regarded as a measure of the ease with 
which an explosive mixture may be formed under accidental conditions. 
There are three factors which seem likely to increase the 
risk of anesthetic explosions. First, the a.dministre.tion of 
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ether-oxygen mixtures has become increasingly common in recent years. 
Second, there has been a considere.ble extension of the use of 
electrical a.rpa.ratus with the development of such instruments as 
the sig;moidoscope, the cystoscope, ca.utery, and surgical diathenny 
appliances. X-ray apparatus, too is now often used more in the 
presence of inflrum:able anesthetics. Thirdly, the problem of static 
• 
electricity as a determining cause in these explosions has been 
brought to the foreground recently and is regarded as an incree.s-
ing risk, since the introduction of artificial ventilation systems 
has produced conditions more favorable than formerly for its 
production (1s) (12)• 
In general, less combustible is required to give a lower 
explosive limit in air than in oxygen. This has been thought to 
be due to the fa.ct that the me9ll molecular heat of oxygen is higher 
than that of nitrogen over the range of temperatures from that of 
the laboratory to the flame-propagating temperatures, usually 
1,200° to l,5ooO centigrade, according to Jones (25). The upper 
limits of all combustible gases are much higher in oxygen than in 
air; hence the range of explosibility in oxygen is very much great-
er than in air and li~ewise the speed of the flame and violence 
produced on explosion ere greater in these mixtures. Excellent 
laboratory reports on the inflammability of various widely employed 
anesthetic gases and vapors have been presented by Brown (3), Bloom-
field (l), Dixon (9), Jones (25), Phillips (36), and Wardell (47). 
Taking all of these reports into consideration, it is my opinion 
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that the experimental work of the United States Bureau of Mines 
would furnish the most precise alid accurate data upon which to 
base the following conclusions as to the limits of inflammability 
of the combustible anesthetics. The following table was taken 
from this latter reference (25). 
Limits of Inflammability 
Density In Air In Oxygen 
.Anesthetic Air • 1 Lower Upper Lower Upper 
Ether 2.56 1.85 36.5 2.10 82.0 
Ethylene o.97 2.75 28.6 2.90 79.9 
Ethyl Chloride 2.23 4.oo 14.8 
Cyclopropane 1.45 2.40 10.3 2.45 63.l 
Nitrous Oxide 1.52 Not Inflammable 
It is only reasonable that any combustible anesthetic that 
produces explosive mixtures with air or oxygen at laboratory temp-
eratures and pressures must at the outset be considered as a haz-
ardous material and be treated as such. 
Density of the gaseous anesthetics is a very important con-
sideration in dealing with this subject. For example, a gas law 
states, "The rate at which a gas or vapor will diffuse or mix with 
air is inversely proportional to the square root of its density" ( 26). 
Therefore, the anesthetics with a low density are readily diff'usible 
in air, allowing the anesthetic mixture to pass from a concentrated 
explosive mixture to the range of nonexplosibility within a relatively 
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short period of time. Refer:i.ng to Table I, ethylene has a density 
of o.97, whereas ether is 2.56, illustrating the reason that ether 
being a relatively heavy vapor, will naturally remain in a highly 
concentrated condition longer end also will tend to accumulate at 
the floor level. Ethylene, however, will diffuse very rapidly into 
the surrounding air. This matter vdll be given more detailed con-
sideration in reviewing the specific anesthetics agents. 
Hoping that the material thus far presented on the general-
ities of the combustible anesthetics will enable the reader to 
have a working basis for further, more detailed consider~tion of 
the gaseous vapors, I will attempt to discuss the various inhal-
ation anesthetics specifically as to their relative dangers md 
cause of accidents. 
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ETHYLENE 
Shortly after the introduction of ethylene as a genere.l 
anesthetic there were several catastrophic accidents which, of 
course, were widely publicized, without consider:ing the underlying 
facts of the explosions. This, unfortunately, fixed the idea :in 
the m:inds of many that the use of ethylene was very dangerous, not 
only to the patient, but also to the anesthetist, surgeon, and any 
others of the surgical personnel. 
The opinion seems to be widely held among those who have 
had a considerable experience with ethylene that, apart from the 
risk of explosion, this substance has some marked advantages as 
an anesthetic. Reports from hospitals in which ethylene has been 
used show that there is generally a strong desire to eliminate 
this risk of explosion and to continue this form of anesthesia (21). 
It will be my endeavor to present sufficient data with proper 
reason:ing, to enable the reader to understand that ethylene is 
probably as safe as ether, if not safer, when us:ing the just pre-
cautions. 
Brown (3) stated that there are four places in which ethyl-
ene might conceivably explode: {a) While compressed in the cylinder; 
(b) a~er emerging from the cyl:inder; (c) from the mixing chamber 
to the patient, while mixed with oxygen; (d) when allowed to escape 
into the air through the spill valve in the face piece. In the 
first two locations one is presumably dealing with the pure gas, 
and whether or not explosions can occur at these points depends 
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on the inherent character of the gas. In order to settle this 
question definitely, one must know whether it is possible to cause 
the pure gas to explode or whether it can explode spontaneously. 
Cabot (4) clain:s that experience has shown that ethylene is not 
unste.ble when under high pressure, and that the pure gas cennot 
be made to explode. Brown (3) has shown that ethylene unmixed with 
oxygen will not explode, and, furthermore, that exrlosions do not 
occur in mixtures of ethylene and oxygen unless at least forty 
per cent of the mixture is oxygen. This work was confirmed by 
Hornor and Ge.rdenier (19), although their results show that ethyl-
ene-oxygen mixtures containing a minimum of thirty per cent of 
oxygen may explode. It may be said, that the criterion established 
by the latter workers was very rigid. If the mixture was not explod-
ed at once by a spark, a continuous arc was passed through it for 
one minute before it we.s definitely said to be nonexplosive. One 
might also say that the manufacturers of the gas, consider that 
there is no danger of the cylinders exploding, as they ship them 
quite freely by freight or express. 
Herb (22) stated that follo\'Ving en explosion in the distribut-
ing portions of the anesthetic apparatus, there is no tendency for 
the explosion to flare back into the ma.chine or up to the t!'nks. 
Chemists have used this gas in industry for many years. If 
the pure gas were unstable or if its use wero fraught wi·th danger 
of mishap~ it would only be reasonable to expect to find warnings 
of these dangerous properties. 
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In considering the third possibility of Brown's state-
ment ( 3), i.e., that gas which is delivered to the patient ~md which 
fills the mixing chamber and delivery tube, we can conclusively 
demonstrate that it is explosible. The ethylene in this circums-
tance is mixed with oxygen or some other supporter of combustion. 
Of course, the mixture has to lie within the limits of inflammabil-
ity which has been explained in the general discussion. In pract-
ice this mixture will vary from 10 - 25 per cent of oxygen, the 
remainder being ethylene. Such a mixture as this cannot be explod-
ed by means of an electric spark, according to Brown (3), Cabot (4), 
the experimental work presented by Jones (25) Elld others. Brown 
states that the mixture they found to explode contained a minimum 
of from 40-45 per cent of oxygen. Any higher mixture of o:ic:irgen 
would explode with violence, then increasing directly with the 
oxygen percentage, the maxhnum violence being reached with the 
three volumes of oxygen to one volume of ethylene. 
Again, at an upper limit of 80 per cent of ethylene mixed 
with 20 per cent of oxygen, explosibility ceases. Henderson (21) 
explains that the oxygen is insufficient to carry on the combustion 
or permit the transmission of the explosion wave or even a flare. 
The difference between mixtures of a combustible ge.s in air end 
mixtures in oxygen is that the upper limit, above which the flame 
is not transmitted and explosion cannot occur, is much lower in air 
than in oxyien, an:l. the range of the mixture that may explode is 
decreased. 
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It should be mentioned that ethylene in mixture with nitrous 
oxide within certajn proportions may be extremely explosible. 
Horner and Gardenier (19) show that mixtures of nitrous oxide and 
ethylene are explosive when the latter gas is present in concent-
rations of from 5 to 35 per cent. Above 35 per cent ethylene, the 
explosion hazard is nil. Therefore, we can see thnt small amounts 
of nitrous oxide in ethylene will not lead to explosion but that 
small amounts of ethylene in a nitrous oxide tank may be very dang-
erous. 
Pressure under which a gas is acting, is also i~porte.nt from 
the standpoint of explosion. According to Dixon (9), "The crucial 
pressure for ethylene in nitrous oxide is about 500 nun.; at this 
pressure ethylene ignites within half a second at 605° centigrade. 
At the atmospheric pressure, ethylene ignites rapidly at 592° cent-
igrade, which is only 14° centigrade below the ignition point in 
oxygen, but when the mingling gases are in contact with a heated 
surface the difference between the ignition points is more marked. 
Under the same conditions, ethylene ignites at a lower temperature 
in nitrous oxide than in oxygen; but at low pressures the ethylene 
fails to ignite when the lag period exceeds one second". When the 
pressure is increased above the normal, the ignition point of ethyl-
ene in oxygen falls slowly and nearly regularly. For example, at 
t?ro atmospheres, the ethylene ignites in oxygen at 580° centigrade, 
and at three atmospheres pressure, it ignites in oxygen at 5570 
centigrade, according to Blomfield (1). This demonstrates the 
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?ractical point that the risk is increased if ethylene is used 
under pressure, end also if the gas is used in conjunction with 
nitrous oxide. 
In view of all the evidence that has been accumulated on 
the subject it seems that pure ethylene will not explode either 
when ignited as the free gas or spontaneously when compressed in 
steel cylinders. 
The reason that, in the operating room, explosions of ethyl-
ene, when they do occur, are generally much more violent than those 
of ether is that 80 per cent or more ethylene is required for full 
surgical anesthesia of the same depth of unconsciousness and re-
laxation as are obtained with only 6 - 7 per cent of ether vapor. 
The concentration of ethylene required for full surgical anesthesia, 
is even above the point of combustion. Explosions of ethylene in-
side anesthetic apparatus do not usually occur during full anesth-
esia, in fact, it is scarcely possible for one to occur. It is, 
according to Henderson (21), at the end of anesthesia, while the 
gas is being washed out with oxygen, that mixtures within the 
highly explosive limits are produced. During this period the 
mixtures in the anesthetic apparatus passes from the upper limit 
down to the lower through the whole explosive range. 
The fourth possibility of the explosion of an ethylene mix-
ture is that the expired ethylene, coming out of the spill valve 
in the mask, might in time form a mixture with air that would ex-
plode. Brown (3), in his early reports on the explosibility of 
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ethylene mixtures, concluded that explosion due to gas that had 
escaped into the operating room was a negligible possibility. He 
stated that from his experir.:.ental work, it was shovm that a mixture 
of from 5 - 10 per cent of ethylene in air fonns an explosive mix-
ture. How long then, would it require an operating room to become 
full of such a. mixture? Brown ( 3) said, "Supposing the normal 
ventilating of a patient to be 8,000 cubic centimeters per minute, 
and the average operating room to contain 2,700 cubic feet, it 
would require somewhat in excess of six hours, of continuous anes-
thesia to form a mixture of 5 per cent, which is the minimum ex-
plosive mixture, alid this without the slightest room ventilation. 
Lrost operating rooms are ventilated :f'rom the top, and since ethylene 
is lighter than air, it would rise and be drawn off, thus render-
ing the possibility of an explosive mixture from this source as 
bejng only jn the remote realms of possibility." 
According to Pjnson (38), a small room of 1,000 cubic feet 
would require a cylinder of five hundred gallons of ethylene to 
evenly saturate it, to provide the air with a mixture of one jn 
twelve. But he continues by saying that the saturation will ordin-
arily not be even. Cabot (4) strengthens this point of view by 
explaining the fact that the gas is only slightly lighter than air, 
and therefore, it forms currents and strata nn.tch like those formed 
by tobacco smoke. However, Salzar (43) argues against the latter 
two scientists, by declaring, that during an hours anesthesia, not 
more than twelve cubic feet.of ethylene is used, and if all of this 
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should be present in an operating room at one time, no explosion 
could occur, because the average operating room contains not less 
than 4,000 cubic feet, which wo:. ld make the proportion of gas in 
the room 0.3 per cent. In other words, the mixture would be too 
lean. 
Considering the arguments presented above, it would be most 
logical for us to assume that there is a slight possibility of 
danger of explosion near the mask, due to the greater concentration 
of ethylene in the immediate area. This slight possibility should 
warrant consideration in the manner of preventing ignition of the 
mixture. 
Ethylene does have nearly the same molecular weight and spec-
ific gravity es the average of gases composing air. It is there-
fore highly diffusible. When liberated into the air of the operat-
ing room it spreads so quickly that the concentration at even a 
short distance falls below the danger point. Within a few feet 
from the anesthetic apparatus and operating table only minute amounts 
can be detected. Even in the neighborhood of the anesthetic mask, 
ignitable concentrations are not maintained, except within a dist-
ance of less than one foot in a direct line of the exhalation 
valve of the mask during an ethylene anesthesia ( 2~. However, 
this has to be set aside as a possibility, as a spark from a static 
charge or some other source of ignition, may cause a violent end 
tragic explosion. 
After discovering the fact that certain mixtures of ethylene 
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and oxygen, or some other supporter of combustion, do explode, we 
naturally would wish to know whether such mixtures may explode 
sp ontaneously. It is a general point of agreement among the 
investigators in this subject, that at nonnal pressures even the 
most explosive concentration of ethylene in oxygen will not blow 
up in the absence of a definite exciting cause. The cause, as 
will be f'ully discussed later, has been either actual flame, caut-
ery, electric sparks, or various other sources of ignition of the 
combustible mixture. 
At this point, it would be well to sum up the report of 
the v~rious ethylene anesthesia accidents as they have occurred 
throughout the country, always attempting to keep in mind the 
possible cause of explosion, if it is at all possible. 
Shortly after the introduction of ethylene-oxygen for anesth-
esia at the Presbyterian Hospital of Chicago, March 14, 1923, two 
minor explosions occurred in the delivery room. Herb (22), makes 
a report on the accidents, stating that, "The first one took place 
when the breathing tube and cone were placed on the head of the 
machine; the other occurred while the anesthetist we.s holding the 
cone preparatory to its application to the patient's face. In 
the first instance, a spark was produced when the metal on the tube 
crone in contact with the metal on the head of the hachine. In the 
second case, the anesthetist thought it probable that he had struck 
the netal table with the cone, causing a spark". 
In contrast to the full anesthesias, the much lower concent-
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ration of gas required, sometimes used for obstetric an~lgesia, 
are highly explosive. The use of ethylene during labor is on 
this account probably much more hazardous than for major surg-
ical operations, according to Henderson (21). 
Henderson (21) ma.de a report from a questionnaire which 
was sent to 478 hospitals, each having two hundred beds or over, 
inquir:ing about their experience :in the use of ethylene anesth-
esias. He received 288 replies, of which 129 reported that they 
use ethylene for anesthesia, and 158 had never used it. The motive 
which this latter group seemed to entertain, was that they were 
uncertain as to the hazexd of this anesthetic. Of these replies, 
only six hospitals had experience with explosion in connection 
with the use of ethylene. A patient apparently died of heart 
failure, instead of ethylene accident, in one of the hospitals. 
In another, an explosion occurred when a cautery was applied to 
a carbuncle of the nee~, during the flow of ethylene for anesthesia, 
causing the patient's death. The anesthetist was literally 'blovm. 
to bits' in an accident in which an ethylene cylinder exploded. 
This cylinder was reportedly previously filled with nitrous oxide 
gas. How the ignition in this case occurred, was not entirely 
clear. All the other accidents reported consist of nine explos-
ions. These accidents were all on the inside of the apparatus, but 
in none did it extend to the cylinders, or beyond the mask. It 
merely shattered the glass vessels on the anesthetic apparatus, 
burst the hose to the mask or tore the breathing bag; and greatly 
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startled the personnel of the operating room. 
A questionnaire was sent to 75 hospitals, by Dr. Hugh 
Cabot (4). Among these hospitals 146,000 ethylene anesthesias 
were reported. In one of the hospitals, an explosion occurred 
when a cautery was applied to an abscessed lung with a patient 
under ethylene. In another, the ethylene mixture was ignited by 
a cautery, producing a slight burn. In still another, a serious 
explosion of ethylene occurred, with the cause unknown, and even 
the circumstance unknown. However, this same hospital reported 
that ethylene has been used for several thousand anesthesias since 
without an accident. 
Fifty-eight prominent surgeons, throughout the country, 
received a questionnaire, which they returned with the report of 
163,000 ethylene anesthesias. Of these anesthesias, there were 
18 explosions, of which five were serious and one fatal, { 17)• 
In al 1 of these explosions, static electricity or suction appara-
tus was given as the initiating cause. 
Salzar (43) in 19Z9 collected 425,000 ethylene anesthesias 
with a report of 10 explosions. Two were mere flashes, three 
resulted in minor injuries, four in destruction of equipment, and 
one in death. 
In 1933, Herb (22) reported on 1,005,375 anesthesias of eth-
ylene, which had been administered by 220 anesthetists. In this 
extensive survey, it was discovered that 20 explosions had occur-
red with a result of one injury and five deaths in the series. 
The explosion which apparently caused the greatest unrest 
in the use of ethylene, and initiated the investigation of this 
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anesthesia by numerous questionnaires, was the one that occurred 
at Evansville, Indiana. A physician who was working with a gas 
machine carrying tanks of oxygen, nitrous oxide, and ethylene was 
killed by the terrific explosion which was reportedly due to ethy-
lene. It was discovered at subsequent investigation, that some 
ethylene might have passed into the nitrous oxide tank through 
the connecting tubes, proving again the great unstability of mix-
tures of nitrous oxide and ethylene under pressure. Guedal ( 20), 
Livingstone, Engel and Shank (17), stated that with an apparatus, 
the nitrous oxide end ethylene cylinder should never be opened at 
the same time. 
A more detailed discussion as to the possible causes of 
explosion with the recognized methods of prevention will be con-
sidered at another point of this paper. 
The investigators of this subject have all come to the 
conclusion, that with proper understanding of the fundamental 
dangers end prevention of such dangers in the use of ethylene, 
that it is attended by no more hazard from explosion than the use 
of ether. 
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ETHER 
It has been lmown since the introduction of ether as an 
anesthetic agent, that there was great danger of fire and explos-
ion from accidental ignition of the vapor. Therefore, the in-
flammability of this anesthetic has always been somewhat feared, 
and the known precautions are usually observed. 
Ether is normally administered from a gas machine in a 
much lower concentration than in the case of ethylene, and pract-
ically all of these concentrations, according to Phillips ( 37), 
are within the explosible range. 1'he inflammable range for ether 
was stated as 1.85 - 36.5 in air for lower and upper limits res-
pectively; and 2.10 - 82.0 as the range for the oxygBn-ether mixt-
ure. Thus, ether which boils at 350 centigrade, uner normal cond-
itions forms explosive mixtures with air between the above stated 
limits, and must therefore be regarded as very liable to form 
dangerous mixture. It so happens, in addition to this, thet ether-
air mixture containing as much as 50 per cent ether vapor, are cap-
able of propagating what is known as the •cool flame•, according 
to Finch (18). This cool flame is relatively harmless in itself, 
travelling slowly, and is able to pass through a suitable mixture 
without necessarily being percieved. It is cold from the point 
of view of any sensation which it miEht give rise to in coming 
into contact with any bare skin area. This type of flame gives 
a blue luminosity which is so exceedingly faint ~s to be visable 
only in a well darkened roo111.. The danger of this cool flame is 
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that it may ignite normal explosive mixtures. whether of ether or 
of other gases (1a). 
The vapor of ether is two and one half times as heavy as 
air, so that it does not diffuse so readily as in the case of eth-
ylene. Therefore the ether is less likely to become diluted to 
concentrations below the inflammable or explosive range. as was 
stated by Phillips (37). Instead of diffusing rapidly throughout 
the operating room, it will naturally drop, and tend to collect 
along the floor. Phillips (36) found that the vapor also collects 
in pockets which may be formed by the operating table coverings 
and screens. :i:hese pockets and streams of ether vapor may easily 
be ignited if there is a possible cause for ignition present, with 
a resultant flare or explosion, more frequently the former. If 
the ignition of the gas forms a flare, the usual result is for 
this flare to travel back along the ether stream to the petient 
and the anesthetic machine and result in an explosion ( 18) ( 37). 
Swan ( 45) stated, it was found by experiment that the room 
distribution of ether vapor during operations under open-mask 
anesthesia resulted in low concentration. The air at about two 
inches from the patient's mouth contained less ether than would 
form an explosive mixture, and the proportion fell off rapidly 
as the distance from the patient increased. 
At least one hundred explosions probably occur every year 
with ether in this country. causing trifling or serious burns 
of the eyebrows. lips. and pharynx. but not extending into the 
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lungs, because the mixture is too weak to burn there. The mixture 
is richer in the mouth, if delivered by a tube, or a soaked mask (38). 
Pinson (38) states that within two to three minutes after the mask 
is removed, the expired air would contain too weak of an anesth-
etic concentration to be ignited. 
Ether vapor will form explosive mixtures within a comb ina-
tion of any of the supporters of combustion. However, it is quite 
generally known that a rich ether-oxygen mixture is more dangerous 
than a corresponding ether-air mixture, and a very small spark 
will suffice for ignition. Phillips (37~ remind us though, that 
ether given by the drop method and the resultant mixture with air 
forms a highly inflammable rather than a violently explosive mix-
ture. 
According to Williams (49), there are very real dangers 
acoo~anying the use of ether with nitrous oxide and oxygen, for 
ether-air or ether-oxygen vapors are able to mix with nitrous oxide 
in the rebreathing bag. Brown {3) confirms this view by exclaim-
ing that nitrous-oxygen mixture or even pure nitrous oxide passing 
thru an ether chamber forms a highly explosive mixture. 
A few of the stories of ether accidents have been gathered, 
and will now be presented, placing special emphasis upon the meth-
od or circumstance that was at hand, and the possible source of 
ignition. 
Dr. Ironside (24), at a special section of the Anesthetists 
of the Royal Society of Medi9ine in England, described an explosion 
that took place in a hospital. "The anesthetic trolley had been 
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in use for two and one half hour's, with oxygen passing over ether. 
While it was being wheeled out of the operating theatre into the 
anesthetic room a violent explosion occurred. The ether container 
broke into small pieces, and two bottles of ether on the other 
side of the room exploded. '.I.he theatre attendant was knocked 
down, a sister was blown over, the patient fell o~f of the trolley, 
and the whole room was a sheet of flame. 11 In cons id er ing the cir-
cumstance of this explosion, one might say that evei·y conceivable 
situation was present to augment the possibility of violent ex-
plosion. The floors and corridors of the hospital were laid with 
rubber, those of the operating room were grP.nolithic flooring. 
The air in these rooms was very dry, as the sterilizers were sterun-
less. Nurses had corrplained of sparks from the trolley carrying 
food or patients. The trolleys were insulated with rubber wheels, 
and the anesthetic table also was equiped with rubber wheels. 
The anesthetist had obtained the highest explosive mixture of 75 
per cent oxygen and 5 per cent ether. A spark from the trolley 
was evidently the initiating cause. 
In answer to the same questionnaire which Dr. Hugh Cabot (4) 
had sent out to the 75 hospitals in regard to the use and explo-
sions that had occurred with ethylene, there were 19 of these 
hospitals that reported ether flares. In 6 cases the flare we.s 
initiated by cautery; in 2 by the fluoroscope; in 12 by a spark 
from a motor on the suction apparatus used in conjunction with 
tonsillectomy, and in 4 by an exposed wire to a headlight. 
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In most cases the form of anesthesia was apparently open ether or 
insufflation, but in four the explosions occurred in connection with 
the use of anesthetic apparatus administering nitrous oxide, oxy-
gen, and ether. 
In Iowa,, cautery was used for the removal of carcinon:a of 
the tongue following open drop ether and removal of the ether mask. 
A violent explosion occurred with a resu 1 t of fra.ctur ing; the base 
of the tongue, and forcing the patient's eyeballs out of their 
sockets until they rested on the cheeks. Hemorrhage was severe,, 
n.nd passed into the air passages. The patient died several hours 
later (17). 
Another serious and fatal accident occurred while ether was 
being given to reduce a fracture of the mandible. A syringe 
delivering warm air was used on the teeth to keep them dry,, at 
which time a violent explosion occurred at the back of the throat 
and the patient died ten minutes later from rupture of the bronchi 
and collapse of the lungs. 
Henerson (21) reviewed a few other accidents which had occ-
urred. "The turning on an electric light near the patient ignited 
and burned the patient." There was evidently a spark produced 
when the light was turned on. "Ether-oxygen ignited from an elect-
ric bulb of a laryngoscope and the patient was burned. AT! ether 
explosion occurred when cautery was employed during a hemorrhoid-
ect8my. A spark fro~ a motor driven suction machine ignited ether, 
and the force of the explosion blew out sone of the nearby wall 
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of the operating room. Static spark from the hands of a nurse who 
had walked some distance after folding linen and then touched an 
open drop ether mask, ignited the mask." 
Cole reported a pharyngeal ether-oxygen explosion with death 
of the patient from rupture of bronchus and collapse of the lungs. 
The cause of ignition was not stated. 
Salzar ( 43) reported two fires when actual cautery we.s 
used during mouth operations. 
Henderson ( 21) says, 11 The discontinuation of an eth admin-
inistration followed by the use of an electric 'pencil-lamp' 
resulted in an explosion, followed by the death of the patient 
from putrid bronchitis. A necropsy revealed thlit the flames had 
been transmitted do'W!l the bronchial tree. The surgeon was burned. 
This same surgeon had had two similar explosion." 
Henderson also reported two other accidents which he had 
received in an answer to a questionnaire. The one accident occur-
red in Stuttgart, Germany, in which a Draeger machine administered 
ether - oxygen. The machine exploded, while the patient and the 
machine were being wheeled into the room. Tb.is apparently was 
ignited by some source of static spark. The patient was severely 
injured. The other accident was apparently about under the same 
circumstances with a static spark igniting an ether - oxygen mix-
ture in a Roth - Draeger a:--paratus. The apioes of both lungs 
were ruptured, but the patient eventually recovered. 
In comparing the ether vapor and ethylene, it appears that 
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the hazard when using ethylene may be only very slightly greater 
than when using ether, because the explosion range of the two is 
substantially the same, although the rate of propagation of flame 
with ethylene is greater and the explosions tend toward greater 
violence and destructive force, as a rule. 
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NITROUS OXIDE 
Nitrous oxide, when used alone or in combination with oxygen, 
are not explosive, if these two substances are in a very pure form, 
according to Wardell ( 46). However, in almost all of the other 
possible combinations with this gas, an explosive mixture results. 
In general, it may be stated, that in such possible mixtures igni-
tion temperatures are low, explosive limits are wide, and the rate 
of flame propagation is high. 
In the absence of oil or the other dangerous substances, 
nitrous oxide - oxygen mixtures are not combustible. It is a 
generally known fact that in the presence of even minute quant-
ities of oil, oxygen is combustible. Often, if the needle valve 
of a cylinder of oxygen or of nitrous oxide turns with difficulty, 
the anesthetist sometimes unwisely puts a drop of oil on it. lhere-
fore, as a result, the next time the cylinder is used the valve 
may be projected up through the ceiling or into the body of the 
operator by the explosion of the oil in the presence of these 
gases, Henderson (21). 
Further, how many of the anesthetists in using the nitrous 
oxide - oxygen mixture have not many times allowed the mixture 
to flow through ether or over gauze saturated with ether, in order 
to obtain a deeper anesthesia? It probably never even occurred 
to them that they were;·us:ing a mixture of very great explosibility 
equally as great as ethylene or certain other mixtures. 
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Brown (3) confirms this idea, by his experimental work 
showing that any nitrous oxide - oxygen mixture, or even pure 
nitrous oxide passing through an ether chamber turned fully on, 
forms a violently explosive mixture, arrl that this explosibility 
continued until the ether was half shut off, when no explosion 
could be obte.ined. l'he following table, taken from Brown's work 
with 'Explosibility of Anesthetic Mixtures', illustrates the re-
sults of this experiment. 
ETHER NITROUS OXIDE OXYGEN EXPLOSION 
Full 
----------
80 
---------
20 
-------
Yes 
Full 
-----------
90 
---------
10 
.. --·--- Yes 
3/4 
_ .. __ ..._ ____ 
100 
---------
0 
-------
Yes 
3/4 
______ .. __ 
80 
---------
20 
-------
Yes 
1/2 
-----------
100 
---------
0 
-------
Yes 
1/2 
--------.. -
80 
---------
20 
-------
No 
i/4 --------- .... 80 
---------
20 
-------
No 
There is, however, three so-called nitrous oxide - oxygen 
explosions which are reported in literature. In Missouri a high 
frequency electrical converter was used to cauterize a wound after 
removal of a urethral caruncle. Nitrous oxide - oxygen anesthesia 
was in use, and an explosion occurred, injuring the patient's 
eye and face, and a $3000.00 judgement was obta:ined (17) (31). 
Two other nitrous oxide - oxygen explosions were reported to have 
occurred in England, both during the use of a bronchoscope. In 
the one case, the patient's throat was scorched and in the other 
the patient's lung was ruptured, with death ensuing fro~ pulmonary 
hemorrhage. The question still is, whether in any of these three 
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instances ether or oil was present in the apparatus, or if some 
carbon or foreign substances was in the nitrcus oxide. 
Henderson (21) states that although the cylinders of 
nitrous oxide and oxygen should never exrlode if properly tested 
before filling, they become e. danger if they are old or if a. pres-
sure test has been neglected at the filling plant. 
In considering the subject of ethylene, it was mentioned 
that shortly after the introduction of ethylene, two minor ex-
plosions had occurred in the Presbyterian Hospital of Chicago. 
The staff became excited over this and substituted nitrous oxide -
oxygen for the ethylene - oxygen. But within a few weeks two 
explosions had also occurred with this gas. Herb (22) described 
these cases, stating that the first took place when the patien t 
arid the gas machine were being wheeled into the operating room 
during anesthesia. In regard to the cause, that is still a mist-
ery. The second explosicn occurred during the administration of 
nitrous oxide - oxygen at the completion, where the breathing 
tube was being disconnected. 
As was stated previously, since nitrous oxide - oxygen 
in the absence of oil does not explode but only supports combus-
tion, the fact that the addition of ether to this mixture makes 
a highly explosive combustion combination has been too frequently 
ignored. The very presence of this mixture in an apparatus, wheth-
er or not it is in use, is to be treated with great respect. 
Livingstone, Engel, end Shank (17) described the following 
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accidents which had occurred with the use of nitrous oxide -
oxygen end ether mixtures. A spark from a bronchoscope ignited 
the mixture and burned a patient's throat. A patient was being 
wheeled into the operating room, when an explosicn occurred, pre-
sube.bly the result of e. static spark, end e.11 that resulted was 
discoloration about the patient's eyes. In Los .Angeles, a diath-
ermy was being used when an explosion occurred, resulting in the 
death of the patient. 
In an Illinois Hospital, en explosion occurred during the 
administration of the above mixture, when a spar~ ignited the gas. 
This static spark was produced by an individual wearing woolen 
clothing, crossing the room and touching the operating table 
near the anesthetist. The patient was burned and the anesthetist 
died of burns {17). 
Another accident, under s :hnilar circumstance, occurred 
when a Sister in her woolen he.bit, brushed against a face mask 
that had just been used for this type of anesthesia. A spark re-
sulted between the woolen skirt and .face mask. 
other occasions of accidents resulted when a wall plug 
was pulled from a socket during anesthesia.; when electric cautery 
was used; and e. static spark being produced by the lifting of the 
mask from the patient's face. Naturally, others have occurred, 
but were not reported, because too few hospitals desire to publi-
cize their carelessness in regard to the accidents, unless there 
is some legal action in progress. 
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CYCLOFROP.ANE 
Cyclopropane is a hydrocarbon gas vn1ich was formerly called 
trimethylene, e.nd is an isomer of the well-known propylene. 
This gas is one of the latest inhalation anesthetics, pos-
sessing definite beneficial properties in rage.rd to a good anesth-
esia under certain situatfons. However, it is another of the 
cow.man gaseous anesthetics that has placed the personnel of all 
surgical proceedures under a slight fear because of its infla;mm-
abili ty and explosiveness. 
In considerinr; the generPlities of the various anesthesia's 
to be discussed in this paper, it was stated thet all the conunonly 
used anesthetic gases, when mixed vdth air, oxygen or nitrous oxide 
in proportions which are usually within the limits employed in 
induction or !l'..a.intainence oi' surgice.l e.nesthesia, are explosible, 
and a cyclopropane - oxygen mixture shares this conunon risk. 
We also know, if the figures of the United Stat es Bureau of Kines 
are accepted, thab in air, the l.imits of infle.mnabili ty of cyclo-
propane are 2.40 - 10.3; whereas they are 2.45 - 63.l :in oxygen. 
Any mixture of cyclopropane - oxygen falling within these lkits, 
are therefore, exceptionally dangerous if the source of ignition 
is present. 
The :introductory remarks presented on the subject of cyclo-
propane anesthesia., should be sufficient for us to understruid the 
dangers and possible hazards of explosion with this anesthetic. 
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Of' course, s mce it is reletively new m the field of :inhalat5_on 
anesthesias, very little hes been specifici:.lly stated in the lit-
erature with regard to this haze.rd. It may be stated in general , 
that cycloFropane is affected by the variovs eler.ients end sources 
of ignition as any of the other anesthetics, only it can be further 
generalized by saying the_t cyclopropane has cha.ra.cteristics which 
a.re more similar to ethylene than to ether ( 37). 
Toland end Kroger (27) in their article on '.Anesthetic Gas 
Fixtures: Their Explosion Hazards', reported on the first cyclo-
propane - oxygen explosion. This explosfon occurred m 193'7 :in 
a Los .Angeles hospital, but the cause of the ignition end the cir-
cumstance of the surroundll1g conditions were not mentioned. These 
writers stated that this was the only explosion reported in more 
than '75,000 cyclopropane anesthesias, since its introduction a 
few years ago. 
In October 1938, en explosion occurred in Boston, and was 
reported by Woodbridge, Horton and Connell, (6 ). It remained a 
puzzling question to the hospital staff as to the reascn this 
explosion occurred as all methods of prevention of explosions 
that are known, that were inforce at bhis hospital, but still the 
explosion occurred. .According to these men, "The humidity was 
given at 60 - 65 per cent. There was en electrical connection by 
chains between the operating table 1 the gas machine, and the pat-
ient by wire around the breathmg tubes and embedded in the rubber 
of the mask, a.nd thence cy dangle chains to the patient 1 s face. 
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The floor was of terre.zo with the embedded brass grids, and this 
was grounded. l'he anesthetist's stool wes of painted metal with 
rubber feet, and was dovered with felt-like cloth end protected 
by a casing of e. white textile simile.r to oil cloth or fe.bricloth. 
Cyclopropane with the carbon dioxide e.bsorption method we.s in use 
in a closed circuit of a Connell Deluxe machine for twenty-five 
mi~utes. The oxygen was runing at 250 cubic centimeters per 
minute. As the wound was just about to be closed, the surgeon 
left the opera.ting table and walked to a corner of the room when 
the explosion occurred. 'Ihe patient died fifteen hours later 
with lacerations of the posterior pharyngeal wall end subcutaneous 
emphysema. The ·expiratory valve was blo'Wl'.l off the machine end 
the inspiratory flutter we.s jammed in its seat -- indicating the 
explosion started not in the machine, but in the vicinity of the 
mask end breathing tubes." 
When the cause of explosions snd their prevention are read 
in this pa.per, it is possible to see vartous faulty proceedures 
and set-up of this operating room, all of which might possibly 
explain the source of static spark t.o produce igni tior• of the 
mixture. 
Livingstone, Engel and Shank briefly mentioned the other 
explosions that have occured with the use of cyclopropane anesth-
esia. In the one case, e falling mask brushed the drapes, and 
was then picked up by an individual who had not previously touched 
the machine. A static spark was produced which ignited the gaseous 
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mixture. On another occasion, the static spark was generated and 
discharged by the pulling of a cover off the gas machine. The 
rheoste,t of a laryngoscope was imperfect, and caused an explosion. 
The death of e. patient under cyclopropane anesthesia in a Massa-
chussetts hospital resulted from the ignition of gas by the static 
spark from some source. The last report that they had record of 
was being emptied from the anesthetic bag to give the patient 
100 per cent of oxygen. This occurred in Celifor.c.ia. in March of 
1939. 
Of course, there have been many other explosions with the 
use of this gas, but the above is a well rounded representative 
group of causes and situations, with the result. Cyclopropene 
explosions have occurred in Oma.ha, Nebraska, but since the publi-
city was very limited, the hospital staffs undoubtedly did not 
wish to publish the details at the present. 
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- ETh"YL CHLORIDE 
The use of ethyl chloride has become more popular as an 
inhalation anesthetic, for induction in children especially. 
This gas is inflammable, and yields a vapor that forms 
an explosive mixture with air. It is 6Specially dangerous in 
this mixture in the proxirr·ity to fl8.mes or any appe.ratus likely 
to involve a spark and hot wire (is) (12). 
Statistics or reports of the accidents which have poss-
ibly occurred with this anesthetic were not found in any of the 
available literature. Therefore, it will be necesscry to 
consider this subject when speaking of the generalities of 
the anesthetics regarding their source of ignition and the 
available preventative methods. 
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EXCITING CAUSES OF GAS EXPLOSION 
The essential nature of the gas mixture used is not the 
cause of anesthetic gas explosions. There are, however, two fact-
ors necessary before explosion can take place, nrur1ely, the pres-
ence of an explosible gas, and the presence of an open flame or 
spark or sufficient heat to explode the gas. As it has been 
stated before, no matter how explosible the gaseous mixture is, 
it seems to be true that it will not explode spontaneously, end 
no explosion can take place except when the ignition factor is 
present. 
According to Phillips (36), and others, an explosion results 
from tte coFbination of (a) an inflammable gas, vapor or other 
substances; (b) oxygen or other substance which provides oxygen 
(such as nitrous oxide); !'lld (c) a source of ignition. 
Rovenstine (41) explains that the sources of igniticn in 
general include: (a) any electric spark either from static elect-
ricity or fro::1 electric circuits; (b) open flames; and (c) objects 
heated to a tenperature of at least 400° Fahrenheit, includine 
cautery end lighted cigarettes. 
Rega.rd ing the s ouro es of ignition in a more detailed, 
specific sense of the word, let me illustrate by a chart, ta.ken 
from the statistics accunnilated by Livingstone, Engel, and Shenk (17), 
the anesthetic agents used at the time of accident, and the poss-
ible or probable source of ignition. 
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.Anesthetic .Agent Cases Cause of Accident Inj. Deaths 
Ether, or 34 Static spark 
-------------.. 
8 12 8 
Ether--Oxygen Cautery 
-------------------
7 
Sperk from motor 
----------
5 
Pencil lamp 
---------------
4 
Not stated 
----------------
3 
Open flame 
---------------
1 
Elect. bulb laryne;osc.----- l 
Turning on light 
----------
1 
Diathermy 
-----------------
1 
Fulgurator 
---------------
l 
Lamp socket spark 
--------
1 
Warm air from syringe 
-----
1 
Nitrous oxide- 14 Ste.tic spark 
--------------
7 14 4 
oxygen-ether Cautery 
-------------------
2 
Bronchoscope 
·-------------
1 
Die.thermy 
-----------------
1 
Fulgure.tor 
----------------
l 
Elect. plug from wall 
----
1 
Spirit lamp 
---------------
1 
Ethylene 
-
14 Static spark 
--------------
8 8 4 
oxygen-ether Cautery 
------------------
2 
Open flame 
---------------
2 
High per cent oxygen 
------
2 
Cyclopropane 11 Static spark -------------- 7 1 5 
oxygen Laryngoscope 
-------------
l 
Cautery 
------------------
l 
Unstated 
------------------
2 
Oxygen 9 Oil 
-----------------------
2 9 l 
Sta.tic spark -------------- 1 Open flame 
---------------
l 
Unlmovm 
------------------
5 
Nitrous oxide 3 Cautery ------------------- 1 2 1 
oxygen Bronchoscope 
------------
2 
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One can readily understand the real dangers of explosion 
hazards, when he studies the above record as the source of igni-
tion. Static spark Rnd cautery were outstanding causes of such 
accidents, considering end accepting these statistics. Natur-
ally, it would be well f'or us to study the cecuse of static spark 
in detail, to enable us to establish modes of prevention of such 
a well recognized hazard in the operating room. 
STATIC ELECTRICITY: According to Livingstone (28), as 
early as 600 B.c. 1 Thales of Milatus,, one of the 'seven wise men' 
of early Greece, knew that certain substances would become elect-
rified when rubbed with silk. We know now that one way of creat-
ing static electricity is by the contact or separation of two sub-
stances, one or both of which may be a non-conductor (27). 
Static electricity is a serious danger which is al~rays present 
when flammable,, volatile gaseous materiel is used. The opport-
unities for the generation of electric potentials in an opera.ting 
room ere very numerous, as will be shown. Once an electrostatic 
potential is established, until that potential is discharged, it 
remains on the charged object ree.dy to cause trouble if it escapes 
by jumping or sparking. Naturally, if this occurs in the vicinity 
of an explosive gas mixture, there is great daneer and most likely 
an explosion resulting. 
The difference between a static spark and an ordinary elect-
ric power or lighting current,, depends largely on the duration,, 
voltage and amperage,, according to Wardell (46). The static spark 
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will only last for a. fraction of a second and has a relatively 
high voltage. For example, if we welk across the carpet of our 
home in dry winter weather, we obt1;?.in a sp8.rk of cons idere.ble size 
when we br:ing the finger close to the grounded Ot)ject such as a 
radiator, water pipe, or lighting fixture, etc. Under prcper 
conditions, meaning this dry atmosphere and tl'e walking across an 
insulated floor covering, the spark would be sufficient to cause 
a fire in any establishment having exposure to flammable vapor. 
Draper (ll) found that taking four steps on the tiled floor of 
the operating roora geve en individual wearing leather shoes a 
potcntie.l of over 500 volts on the electroscope. 1'his, however, 
wes the maximum reading their instrument wot:ld record, so the act-
ual potential may have been rr.uch higher. 
It is interesting to learn something about potentials that 
may develop fror,, static so as to be able to appreciate how freq-
uent must be the occurrence of' hazerdous charges, and therefore, 
how urgent it is to provide secure means for leading them away. 
Swan ( 45) exclaims that in the absence of a suitable instrument, 
a charge can be detected by holding a finger-tip 1/8 of an inch 
away from the mete.l work of the operative vehicle while a dry 
blanket is smartly pulled away. Newcomer (33) made some meas-
urements with an electrostatic voltmeter of a rather novel type, 
in which the potential to be measured supplies the field circuit 
of the machine. The charge is induced into an alternating current 
or charge 1 which is then led to a.n alternating current smplifier. 
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This in turn passes to a voltmeter, which is calibrated to ree.d 
on three scales, zero to 1,000 to 10,000 to .'.00,000 volts. High 
potential charges on o~jects of small capacity give true readings 
with the instrur:,ent. 1.,ith this instrvrent, recordinc;s were observ-
ed of the static charges induced on objects end persons in an oper-
a.ting room set-up. The accompanying table illustrates the find-
ings as were recorded by Newcomer. 
OBSERVED OFER.1~TL\G ROOM i:OTENTIALS 
Activity II*** 
Nurse walking 20 ft. over tiled floor --- 1250 200 
Nurse sitting down on stool ------------- 500 ---------
Scuffling feet on tiled floor------------ 2500 350 
Movements of anesthetist -------------- 700 300 
Using electrical c~rnterizer ----------------------- 600 
Stretcher as patient leaves room ------- 500 
III** 
Covering patient with blanket ---------------------------- 2500 
1'c':ri :ing over rubber covered pe.d on table ------------------- 1500 
Pulling cloth off operating table ---------------------- 3500 
Cystocoel operation with patient in 
lithotomy position (voltmeter conn-
ected to entire system). 
(e) Draping petient ---------------------------------- 4000 
(b) Anesthetist in cotton suit ---------------------- 600 
rising from stool. ---------------------------- 300 (c) .Anesth. scuffling feet along. 
(d) Elect. Cautery in use -- gas 
machine connected to floor by 
wet towel. ------------------------------------ 800 
(e) Removing drepe sheet ------------------------- 800 
(f) Redraping patient with wet ------------
towel to floor. --------- ----------------------- 100 (g) Lifting patient on table --
wet towel not in use. ---------------------- 2000 (h) Lifting patient off table --
·wet towel in use. ------------------------------ 500 
* I. Voltmeter only. 
** III. Voltmeter connected to the operating table. 
**'~ II. Vol tmoter con...nected to gas machine. 
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W.Oodbridge, Horton and Connell (6) explain that the 
commonly practiced maneuvers in the operating room incrense the 
potential of the object involved. For example, a.n a...1esthctist 
wearing cotton garments acquired a potential of several hundred 
volts r.ierely by slidir.g forward on a. cushioned stool and then 
rising. It was also demonstrated that e.. draft of air accompany-
ing tte opening of a door raised t~e potential of the operating 
table some 50 volts. Even insertion of gauze pads between the 
sterile sheet and the neck increased the potential 150 volts. 
Removal of the stand for the :instrument tray from the foot of the 
table gave the patient a potential of 50 volts. 
Static charges may be produced by the contact or separation 
of a:n.y two unlike materials whether solid, liquid, or gaseous, by 
friction, or by a gas in motion whether through a pipe, tubing 
or in air, according to Wardell (46). It is a matter of cont;ro-
vsrsy just how electro-static charges a.re produced by the flow of 
gases pa.st solid surfaces, however, experi:-,ental evidence seems 
to confirm the belief that they are caused by the presence of min-
ute dust particles or droplets of liquid carried along the stream 
of gas (4'7). It is relativel~r easy to understa."ld then, how there 
is production of such charges when the gas Ji>asses through the 
modern anesthetic apparatus. These charges may accumulate in the 
apparatus, until they can exhaust themselves by contact of the 
machine to some other object allowing the discharging spark. 
Doane (10) explained that as the rubber rebreath:ing bag 
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expands and contracts synchronously with the patients expiration 
and inspiration, there is an appreciable aJnount of friction be-
tween the inside of the bag and the metal chamber or tube to 
which the bac is a.tt~tched to the pH rt icular a.rparatus. A neg~­
tive charge is built up, by this friction on the inside of the bag, 
while an equal and opposite charge is imparted to the r:1etal piece. 
This piece, however, is joined to the entire metal framewor~ of 
the apparatus and cannot, therefore, keep the che.rge produced upon 
it, as it is distributed to a.11 the interconnected mete] parts and 
in this way is greatly attenuated. The negative charge on the 
inside of the bag is bound by the nonconducting nature of the 
material to remain in situ. Doane continues by saying, "Doubtless 
son1 e of the charge is dissipated to the metal part every time the 
bag is sucked up against it. App~rently, however, this momentary 
and imperfect contact does not suffice to discharge the bag but, 
on the contrary, the friction occurring at each contact tends 
rather to build up higher charges on it. 11 Therefore a high neg-
ative charge is developed on the inner surface of the breath~ng 
bag while the reetallic parts of the appare.tus are without appre-
ciable cherge (46) (10). Wardell (47) states that when this cond-
ition exists, someone may touch the bag, or the r:ia.chine brint;ing 
about a spark. Or the ma.chine may be moved, so that the bag and 
hose a.re nade to sway age.inst a metal part, allowing the dis-
charge of a spark. 
OPEN FUJ/fES: This source of ignition is self-explanatory, 
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and vvill not have to be discussed in detail. It is a very 
conunon source of' explosion and should therefore be regarded with 
utmost interest. 
ELECTRICAL APFJ~JUTUS: Swan (45) states that attention 
should be focused, in the first instance at lea.st, on the elect-
rical ignition risks in the near vic:lnity of the patient, and of 
these risks, those attendL~g nose and throat operations arpeared 
to be the most important. It must not be assumed, however, that 
risk in the other positions can be dismissed as negligible, es-
pecially where vent ila.ti on is poor. 
With hot wires, such as ca.uteries, ignition ceJ1 occur 
within lnnits as wide a. 3 80 per cent of ether in oxygen; where-
as with sparks the limits are generally much ne.rrower. Swan (45) 
continues by discussing the i'act that second only to hot wires a.s 
a possible risk are the fizzling sparks which may occur between 
fine wire ends, such as at an intennitta.nt break in a fine wire 
flexible. Although circuits incorporating the ;c:rescribed value 
of resistance m8.y be safe as regards most forms of sparks, a. 
special case arises when a circuit is completed through a single 
strand of fine wire which may get hot. l!nder certain conditions 
the temperature of the ether :mixture i;·ay be thus raised a.boa its 
ignition point, ca.using explosion. 
According; to ·wardell ( 46) heaters that a.re constructed so 
that the elements are not vapor-proof, are a definite source of 
danger and should be subjected to the replacement by a. vapor-proof 
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type of apparatus. Worn electric cords m d cables, a.s well as 
those of loose connections present a serious danger and should 
be subjected to periodic inspection and replacement. Motors 
which are not enclosed end are not vapor-proof a.re a. definite 
hazard. 
Henderson ( 21) states that while using ethylene, the use of 
cau tery near the head or the chest is very dangerous. However, 
the use of cautery in the abdomen is safe only when a screen or 
curta:in is placed between it e.nd the patients face. But roent-
genographic,, diathenny, and other electrical apparatus always in-
volve serious risk of initiating explosions when used in the pre-
sence of a volatile combustible anesthetic. 
Electric lights and switches not of the vapor-proof type, 
or if the light bulbs are not screwed tightly into their fixtures, 
constitute a source of ignition,, according to Wardell ( I~. 
HUMIDITY: The relative humidity in an operating is another 
factor whfoh must be considered, especially in attem,ting to 
eliminate the source of static spark. It l''...as been found, accordine; 
to Wardell ( 47), that the relative humidity. in most operati..."1.g 
rooms is very low. This fa.ct is due in a large measure,, to the 
unusually high temperatures which are prevalent in surgery. 
Wardell ste.tes that Lake investigated twelve opera.ting rooms,, the 
hunidity of five being 25 end 30 per cent,, and of six between 30 
to 34 per cent, and only one we.s 40 per cent. 
A humidity of from 55 • 60 per cent produces a film of 
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moisture over the surface of all the operating room equipment, md 
therefore, when static electricity is developed in some part of 
the apparatus, the charge may be possible dissipated by passing 
throvc;h the conducting e.djacent parts to the ground (45). 
Personx with dry skins are more prone to such accumul-
ations of static because they do not have a suf~·icient film of 
moisture to conduct the charge to the ground (46)• · 
Humidity, therefore, is a. very important associative cause 
of increasing the hazard of fire and explosions, due to the e.bove 
stated relationship with static electricity. 
If we understand the possible sources of ignition of the 
volatile combustible anesthet:~c mixtures, it will be much easier 
to comprehend why certain postulated precautionary measures have 
been developed. 
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PREVEl; TI ON 
When explosive risks ma.y be anticipated, there are, of 
course, the following methods of anesthesia: Basal narcosis, 
local anal~esia, nitrous oxide - oxygen, and chloroform. How-
ever, these methods of anesthesia. may be inadvisable for the 
case concerned, and therefore one of the explosible inhalation 
anesthetics would be required. If this is the case, we will 
have to put into practice all the available proceedures to lessen 
the explosion and fire hazard, end the chance of accident should 
be negligible. 
STATIC ELECTRICITY: Livingstone (28) described a method 
of an attempt to keep all bodies in as near an equal potential 
as possible. This was in use in 1930, and probably is still used 
in some of the hospitals today. It consisted of anti-static tub-
ing, which has a woven metallic lining, used between the large 
cylinders and gas machine and also for the face inhalar, This, 
they clanned, eliminated the accumulation of static charge on the 
inside of the tubing, which was produced by the passage of dry 
gas. The outside of the tubing was discharged by the application 
of special wire. A circular metal band made contact at each end 
of the spiral wire, with the rest of the apparatus. A metal cont-
act was ~Ade to the patient's cheek by means of a small dangle 
chain. Woodbridge, Horton end ~onnell (6) explain that this 
presents a serious haze.rd by stating, "If when the mask is being 
removed, the interruption of the connection between the chain and 
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the face should occur simultaneously with some event tending to 
produce a charge on the pe.tient or on the ma.chine, there might 
well be a spark discharge between the fllce and the chain. '.Ihe 
spark would occur directly in the spill of the explosive gas from 
the machine." :Naturally there would also be a danger of break in 
continnity of the embedded wire, and possibility of spark from 
this point. '-'his is illustrated in the accompanyinr; figure. 
Horton ( 6 ) has developed a device which has been named the 
'Horton Intercoupler'. With the Intercouple Unit, it is possible 
to connect electrically, the patient, the anesthetist, the gas 
machine, end the operating table. Considering the fret that the 
greatest danger of ignition of explosible mixture is b the immed-
iate vicinity of the patient's head, i.e., at t!:1e escape ve.lve, 
and between the mask e.nd the patient's face, we cpn feel nssurred 
that the major portion of the electrostatic potentials he.vine; dang-
erous possibilities is eliminated. The followinG two figures 
illustrate where this danger zone is e..nd how the potentials are 
equalized by the Horton Intercoupler. 
_ __/ , _____ .-_--_--__ _ 
-- ........ ~ ~ 
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The Horton Intercoupler Unit provides five terminals and 
is so arranged that the resistance between any pair of te:nninals 
is one megohm ( l,OOO, 000 ohms). '.Ibis high resistance neture_lly 
eliminates certa:in risks which are involved in direct coupling 
with wires or chains. If the surface of the floor is conductive, 
the unit is placed on the floor, allowing a one megohm leak in 
this manner. The other terminals a.re arranged a.s follows: One 
to the anesthetist and one to the patient by means of chain brace-
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lets. The other two leads are connected to the oper ting table 
and to the gas machine, making certa::.n thet the contact is on 
bare metal and not through painted surfaces. If the floor is 
not conductive, the unit may be attached to the gas machine or 
to the operating te.ble. 
Although the group may receive more energy frow. any charged 
body than would one member alone, a considerable portion of the 
excess is dissipated harmlessly in the resistors, as illustre.ted 
by the accompenying figure taken from the works of Woodbridge, 
Horton, end Connell (6). 
1'---- ---
c------
c-··-
i 
l 
~ 
If the floor of the operating room is conductive, then 
any person entering the room will automatically join the inter-
coupled group through the medium of the floor (6). Similarly, 
connection to the building ground will bring all grounded bodies 
to the same electrostatic potential or the intercoupled group, 
Also, if any unintercoupled person or object neRrs the region of 
possible escape of explosive ge.s without first making contact 
with one of the group at a. point remote from such regions or to 
a. grounding post, tLere will be much denger of spark ignition. 
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Draper (10) explained a system that the Colorado General 
Hosrita.l was employing in 1928, to equalize the potentials around 
the well-recognized da.ne;er zone. They had four large galvanized 
iron mats laid upon the floor, to accom::'odate the orerating 
table, surgeon, and his assistants, the sterile nurse, anesthetist 
and his apparatus. The me.ts were groe,:nded by attaching them to 
a water pipe by means of a metal chain. He tested the efficiency 
of these mats b~ :means of e..n electroscope, and found that it was 
highly efficient accorc~ ing to his findings• '.I.he Horton In tercoup-
ler would seem, however, to be much more efficient in all respects, 
and is of reasonable price, not bulky, and proven to be highly 
effective in equalizing the potentie.ls. 
Livingstone, Engel and Shank (17) state that floors should 
be constructed in the form of a grill of smail brass strips, which 
are jointed with brass, end in turn gro1mded to the building. The 
surface of the floor should be smooth, so that the metal strips 
are even with the surface. 
Humidity has been discussed in the previous section of this 
paper, as to the source of ignition of gaseous mixture. The 
subject of humidity is very important in regard to static elect-
ricity. According to Livingstone (28), it has been found that 
rais ine; humidity to 65 per cent air saturat i_on is the best method 
of dissipating stP-.tic charges outside of the anesthetic Jlpparatus. 
However, any res.dine; rbove 54 per cent in the opere.ting rooms is 
considered a good humidity. In order to avoid working with a 
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false sense o:f security, the humidification should be tested at 
frequent intervals with some type of hygrometer (17) (21) (46)• 
}fainta:ining humidity to the required safety level, is 
either possi le by an air conditioning system, or by the exhaust 
of some steam from an adjoining room at occasional intervals (21) 
There are several other precautions in attempting to lessen 
the hazard of static spark~ according to Livingstone (28)· The 
room should be large enough to prevent excessive brushing of gar-
ments against one another. 1'his can be kept in mind if a new 
building is to be constructed. 
They also discuss a factor which is generally agreed upon 
by the other authors, i.e •• there should be a thorough r:insing of 
the tubing and face :inhaler with water i~mediately before start:ing 
the anesthesia. in order to remove the dust particles and to de-
crease the cha.nee of building a. high potE>..ntie.l as the gas passes 
through. This proceedure should be repeated as soon as t::e anesth-
esia is completed, hanging the tubes in a vertical position to 
allow all gas to escape. Connell (6) states that the rubber parts 
should be washed inside and out with a 4 per cent solution of cal-
cium chloride to make them more conductive and eliminate the 
building up of a difference in potential. 'l'his solution has been 
found to be very irritating to the eyes, however, and it will 
also markedly tnrnish the apparatus• metal parts. 
Woodbridge, Horton ~'d Connell ( 6) explain that the woolen 
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blenkets and silk and woolen outer gaments should never be 
allowed in the operating room. These gaments may rub together fl!ld 
then separate, to allow· discharge of the potential built up in 
the form of a. static spe.rk. Undergarments, however, do not const-
itute an electrical hazard, according to these writers. 
Dr. Weinberg ( 48) says, "Blankets and sheets which ha.ve 
been brought into the opera.ting room during the course of operation 
should be unfolded at a safe dista...'1ce from the a.nesthes ie epparatus 
end operating table to allow them to reach the same saturation as 
other objects in the room. 11 
Rubber soled or composition soled shoes should be prohib-
ited to anyone 1 ikely to cone near the anesthetic apparatus. Like-
wise, no rubber tired stretchnr should be allowed in the operat:ing 
room, until the flow of anesthesia. has stopped, end the equipment 
we.shed with water in the proceedure already stated (17). 
Cushions on an anesthetists stool constitutes such a serious 
hazard that they should not be permitted (6). 
ELECTIUCAL AJCPAR.ATDS: The growing use of electrical appar-
atus in operating rooms has created additional ignition hazards. 
In general, let us say11 all such equipment should be flame- and 
vapor-proof (25). 
Hospital personnel should insist upon the production of 
safest equipment possible., as, according to Livingstone, Engel 
and Shank ( 17) , :inquiry among some well-known :x:-ray manufacturers 
revealed that there still exists a question as to the advisability 
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of using any combustible anesthatic around the so-called 'shock-
proof' x-ray apparatus. 
Frequent periodic checks should be made of all the elect-
ric equipment of the operating rooms, enabling one to find any 
exposed wire, poor connections, defective plug and sockets, and 
any defect in the apparatus in general that might be the source 
of electric 'shorts' and sparking. 
Accordinc to one editorial, it we.s considered unwise to 
use diathermic apparatus if ether, or some other conbustible anes-
thetic mixture was to be employed, as tho cutting arc could ignite 
the combustible, (12). A blanket or other screen between the 
patients head and the point of application of the electrode was 
not considered e. reliable safeguard by this author. Henderson ( 21) 
was of the opinion, however, that the use of cautery in the chest 
is dangerous while using ethylene, but if using it in the abdomen 
a screen or curtain placed between the cautery and head of the 
patient offered a safeguard. Dr. Weinberg (48) further qualifies 
this question by stating, "Low voltage actual cautery can be 
used with relative safety if a screen is placed between the pat-
ient's face and tr,e co.utery. 11 
Electrical devices should be carefully selected. According 
to Wardell ( 46), motors which are fully enclosed end vapor-proof, 
as well as those of the self-starting inductt.on type (except the 
single phase variety which incorporates e.n a.uton~atic centrifugal 
switch) may be permitted. Other authors state that no motors are 
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to tie used in the operating room during e.dministre.t5_on of the 
combustible enesthetic, this even including the suct:.on appe.ratus. 
It would be most logical to accept the view that motors should 
not be used in the :rrexence of explosive mixtures, even. though 
they are supposed to be flame- tJld vapor-proof. Instead, if the 
use of e. motor is anticipated, one of the non-combustible anesth-
esias shoule be used. 
The same general idea occompanies the use of a heater. If 
o.t all possible, electric heater shoi;ld not be used with the flam-
mable anesthetics. Wardell (46) describes en hermetically sealed 
electric heater for gas machines which have been accepted by the 
fire underwriters. Ilowever, if this heater is to be used, a care-
ful inspection of it is necesso.ry to make certain that it is jn 
good condition, e.nd all loose connections tightened. 
All the light swi.tches in the operating theatres should 
be of the ve.por-prood type (mercury-arc swi.tches) (17)• Phillips 
(37) believes that they should each have a pilot light to denote 
whether or not ~ny current is flov:jng through. Then no connection 
or discorrnect~.ons should be made with the we.11 outlet plug until 
the p~lot light is off, denotjng no current flowing. If such an 
arrangement is not immediately convenient, care should be taken 
that the light bulbs are screwed tightly into their fixtures, and 
switches should not be turned off or on during the course of the 
anesthesia.. 
X-rays and fluoros'?.~Pes,, according to Vfardell (46), may 
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be used in the presence ~f fle.mmable anesthetics provided they ere 
of the self-conte.ined, oil-submerged type, end further provided 
that the switches nre oil-submerged or of the ren•ote-control 
type. He does state that tbe 'radio' knife of hii;h frequency, the 
diathermy, e.rrl the hot or electric ca.utery shotild not be used :in 
the presence of such anesthetics. In x-ray apparatus, careful 
construction of the electrical pa.rt and of the method of connec-
tion is essential for use in the presence of inflamn;a·:;le anesth-
esia ( 12) .. 
Telephones or telephone ringing devices should not be loc-
ated within the operating rooms ( 17). 
"Electric fans may be used with relative se.fety at a dist-
ance of more than fi~Een feet", according to Dr. 11\e:inberg (48). 
Considering the cause of ignition of the anesthesia. accid-
ents that have been reported, it we,s observed thr't many occurred 
during the use of a. bronchoscope, or with some other endoscopic 
work; therfore, it would be only natural to draw a conclusion that 
prohibits the use of endoscopic :instruments under combustible 
anesthetic mixtures. 
OPEN FLAJ,'.ES: This is, as has been stated before. a. self-
explanatory cause of explosions. and likewise the simple precau-
tions need but merely a mention. 
No lighted tobacco should be permitted in the opera.ting 
room units. elevators, and recovery room. A gas pilot light for 
an emergency use is not rermitted. Likewise, no gas plate should 
be used in the operating room during anesthesia. Genera.l ly • it 
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may be stated, that it is essential to prevent any source of open 
fire or flame, jn order to secure a decrense in incidence in 
accidents. 
STOPJ1.GE OF JJJESTHETIC.! CYLINDERS: The safe storage of 
reserve supplies of combustible anesthetics such as ethylene, 
ethyl chloride, etc. or gases used in cor.:necticn with anesthesia 
such as oxygen end carbon dioxide should not present a difficult 
problem. 1Nhen the reserve supply consists of only a few cylinders 
of each of the gases, any room in the cellar or basement v:hich 
is well ventilated nnd away from open lights or r..rcing or spark-
ing electrical devices can safely serve as a place of storage, 
according to Newell (34)• It should be borne in mind that ethyl-
ene or similar combustible anesthetics must not be stored in close 
proximity to such gases as oxygen and nitrous oxide. If the room 
is of good size they may be segregated on the opposite side of the 
room safely (34), but it is better practice to store them in 
separate rooms. 
Large quantities of combustible anesthetics in cylinder 
form should preferably be stored in a room or compartment on the 
roof or in en outside building, Newell (34). Supplies should be 
kept cool and in a well ventilated room. 
Placcards sho1.:ld won~ of the presence of explosive gas, end 
should ree.d 'No Smoking, Flames, or Cautery in this vicinity'. 
VENTILATION: Thorough ventilation with frequent air 
changes is ieportant durinr;.-the use of enesthes ias. Drafts, 
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however, must be avoided to prevent chilling of the patient. 
The air currents, according to Livingstone, Engel end Shank ( 17) 
should be directed from the head of the patient away from the 
operating table e1Jd any cautery or sparking device, if they are 
unwisely in use. 
1.::ISCELl.J.JrEOUS F'E.ATU\ES OF FREVEJ>:TATIVE TECHlITC: It is 
well for the anesthetist to keep occasional attention on the 
rebreathing bag, because if the bag does not maint8in it•s orig-
inal excursion or fullness, this inmediately enables him to 
check for Ei. leak in the gas apparatus. This is of connnon occurr-
ence between the mask and face of the pat:'..ent. 
It is an unwise proceedure to flush the patient's lungs 
with rich oxygen at the end of the a.nestli.esie_, as the rapid flow 
of oxygen may genere.te a spark ( 48). 
CONCLUSION: The field of explosion and fire hazard with 
the combustible anesthetics has a large scope, and the proposals 
that are presented for the control of such hazards are increasing 
monthly. 
Instruction in the administration of anesthetics is very 
limited in most of the medical schools of today. In order to 
establish a better safeguard in handling the anesthetics, I 
would say that the subject of anesthesia. should be a definite 
course in the medical schools, with some emphasis placed on the 
hazards to be encountered. 
As was stated in the introduction, it would be unlikely 
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that any code or summary of proceedure could be written to 
talce into account every conceivable dangerous combination of 
factors. Therefore, it would seem superfluous to attempt 
to write a summary such as this regarding this subject. 
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